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ABSTRACT 

Research from sociology , science educat 
mathematics education , and psychology^ as well as data 
National Assessment of Educational Progress (NAEP) ihdi 
the causes of and potential solutions for sex inequitie 
education^ NAEP has indicated that 13- and 17-year-bld 
strong negative attitudes toward science and have littl 
the discipline can be useful to them. Research suggests 
factors (role models and sex stereotypes) , educational 
lenrolimeht patterns, adult expectations > and class act 
personal factors ( spatial. vi sualizatipn )_ all contribute 
negative attitude.. Possible remedies include adaptation 
strategies to female student needs , use of experiments 
enhance girls* spatial abili ties , and incorporation of 
work. A national, study has identified 10 teaching facto 
retention of girls in science, including attractive cia 
hbnsexist teacher-developed materials , teacher awarenes 
and teacher encouraqement of extracurricular activities 
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posiiiu" Of puiicv 

Introduction 

The f bllbwirig passage describes why inequities in science education are a 
particular problon* 

trv 

Ob Our children and dllr students are participants in a conplex 

process that equips one sex with mthf science , and technical skills 
irxiisperisabLLe to functioning in the adult world, while it fails to 
^ enccxirage the saitie develcpment in the other sex. Mthough the lives ^ 
- of irdividual wctnen are the most negatively and directly affected r the 

^ loss to both sexes is iinnense. (Skolnick, Langbort, & Day, 19S2, 

s 

In the United States women can:$>rise approxiitettely 50% of the work force, 
yat only 9% eore eiplbyed as scientists and engineers. Factors contrifcuting to 
this situation have been analyzed in research studies in both the United 
States arid Western Europe.. Explanations for the lack of women in science have 
ranged from differ^ces in spatial abilities linked to a sex-linked g^e 
(Headr 1979) to differences in early childhood t^s and ganes (Hardin S Dede^ 
1973). Althcxjgh societal , educational , and personal factors are all involvedr 
differences within the science classrocin inay be the basic reason why fewer 
v7CTren study science or pursue scientific careers. 

Rationale 

M though the lack of wcneri in advanced science ccxirses and in 
^ scientific and technological careers is acc^ted, the causes of this rdtuatibn 
^jT) ar^ argued. Some irairitairi that society itself is responsible; otiiers argue 
Q thrit biological differences are the reason; still others suggest that W^tern 

culture is at fault. The pervasiveiess of .the problen and the conplexity of 
^ Its underlying causes defy sirrple solutions. In the past, researchers have 

exanined sociological/ cultural f biological r or educational factors in 
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isolation. Although their studies have explicated the coiiplexity of the 
i.TGblem> they have prov^^few pragmatic solutions. 

This paper synthesize previous research frcm socidld§y> science 
education^ ma theratics education^ and psychology with current data frcm the 

.'tional Assessment of Educational Progress (NAEP) in the atterr^jt to identic 
^csuses ana to formulate practical solutions. 

Probleh 

Both the 1977 and 1982 National Assessment of Educational Progress' 
surveys of science contained ita^is assessing both understanding of science and 
attitudes toward science {mEP, 1978a; Hueftler et. al.^ 1983). Achievement 
differences have been fairid betwe^ beys and girls at ages 9, 13, arxJ 17. In 
1977, girls averaged betWeai 1.6 to 2.5 percentage points below the national 
mean on every cognitive iton; while in 19S2 the differaice widaied to 1.7 to 
6.7 points below the mean. In order to understand these achievement 
differences, responses to questions cdfcernirig attitudes toward, opportunities 
in, and beliefs about science have been analyzed (Kahle & Lakes, 1983). In 
1977, girls' responses to National Assessment itens cdrcerning c^sinions of 
science classes and feeliiigs toward science as a career are consistently 
negative, fhirteen and^ especially^ 17-year'^brd girls respond that science 
courses consist of 'facts to memorize,' arid they describe science classes as 
'boring.' Siris also answer that they do riot like to attend science classes 
and are often afraid to ask questibris. Although 9-year-old girls respond that 
science do^ not make than feel 'successful,' most of their feelings are 
positive and comE^rable to those of 9^year^bld beys. However,::^ ag^ J3 and 
17 , girls state that not caily db^ science fail tb instill feelings of 
'confidence,' 'success,' or 'curibsity,' but also that it makes them feel 
'stupidi* Responding to questions cbricerriirig science as a career ctoice, 13 
and 17 -year-old girls feel that working in scierice would not 'be fun,' waald 
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addition^ fewer girls t±iari boys want to 'work with scientists to solve 
prohlams^ ' 'itake field studies; or 'read science articles.' They are less 
inter^^itea in iearhing about science careers* These firdings have been 
substi^r *^i£ted by the responses to idoitical items in the 1982 survey. 

Additibr*:! responses provide insights into the girls' perceptions of 
science and its inrpa^^t on their e^reryday lives. For examplef 17 -year-old 
fenales firS science urei U in choosing foods and vitanins as well as in 
cooking f but they do riot consider science involved in driving a car. 
Additional data indicate that mither 13 nor 17-year-<>ld girls think that they 
use scientific methods iri solving problprns or in planning their lives. 
iSenerallyr secorflary school girls have little faith in science's ability to 
solve profcaons concerning agriculture r ineteordld^, ener^, warfare, 
overpopulation, and conservation. F&nale responses to attitudinal items 
ovejcvSieimir^iy document poorer attitude toward science , less under 'standing of 

science, and less interest, in scientific careers. 

_ r 
Research 

Since poor attitudes are directly related to lower achievement levels 
(McGloske^ 1976) and to lower Qirollments in elective science courses, factors 
contributing to negative attitudes must be understood and ameliorated. Three 
types of factors have beei identified: social (role models and sex role 
stereotyping) ; educational {erirbUmerit patterns, parent/ teachsr expectations, 
classroom and extracurricular activities); arid personal (^tial 
visualization) . These specific factors have been selectisd because research 
substantiates their effects on the learning of science fcy women. 
RocTPf^T^ Factors . 

One societal factor affecting attitude, toward, achievement in, and 
attrition fran science \y/ women may be the lack of role models (VanFossen, 
1977; anith, 1974; Grahan, 1970). In 1950 the U.S. DQ>artmerit of LabDr 
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in the census of occupations; by 1970 that fact had hot chahge3 (U.S. 
Department of Labor r 1980). Skolhiek, et al. (1582) relatie that although 
wanen constitute 71% of teachers 99% of secretaries, they make up only 4% 
of engineers and 1.2% of el^actriciahs. In secondary schools, only 24% of 
science teachers are wcrnen, and it may be assumed that irost of them teach 
biology. Fesnale role models are not prevalent in sciences 

Howeverr Vockell ^d Lobonc (1981) in a stu^ of eoeaucationai and girls* 
schools found that the presence or absence of fonaie science teachers did hot 
influence girls' enrollment or achievement in sciences Rattier , they fcxihd 
evidence that sex role stereolg^pes v^ere ihstninQitai in influeixring girls* 
choices of science courses and careers. They studied the ^fect of a fonale's 
perception of a field as •masculine,* *feninihe,* or •neutral* on her academic 
and career choices using subjects eiiroiied in coeducational pltolic sctobls and 
in girls* schools, run by religious orders. 

Girls in jxi^lic schools selected subjects traditionally view«3 as 
'masculine* such as calculus, chemistry, and pf^sics less often than males; 
and in spite of equal abilities, they performed i^s well than tiieir male 
peers. Concommitantly , fewer indicated an interest in * masculine' careers 
such as engineer^ physicist, or mathanatician. Other ^ience areas traditiorF 
ally are stereotyped as 'neutral;' these include most medical ^d the biolcgi-^ 
cal areas. Girls in coeducational schools trolled and performed well in 
biology ccxirses and indicated strong desires for careers in the life sciences. 

In single sex schools, the differOTces noted above were not fdind. In an 
environment where they were not socially ostracized for suec^s in a field 
perceived as 'masculine,' girls ^roll^ and achieved in physical science and 
in mathOTatics as well as in the natural sciences, in addition^ they 
indicated interest in a range of scientific and technical careers. 



EKLC 



• 5 

Edpcational Factors 

Bc^er, Linn & Stage (1980) r^ort that tne differeices in male and feraie 
achieven^t scores oh the tv/6 recent National Assessment surveys in science 
and inatiienatics are directly proportional to the number of semester hours 
tak^ in science and mathaiiatics courses • For exarapler on the whole, females 
take one-third of a semester l^s mathanaties and one-half of a semester less 
science than males; this fact alone may account for the achievoneht differ- 
ences, fts Fox (1980) explains, ccnparisons of nathenatical ability between 
17-year-oid boys and girls are bruly cdrriarisons between students with 3-4 
y^rs of mathonatics and those with 1-2 years of math. In a typical scbbol 
district girls may outntffrtber boys in advanced eighth grade math classes^ but 
by twelfth grade tmce as many boys as girls are enrolled in calculus i 
(Skoinickr et al.r 1982). Many researchers think that the lack courses in 
mathenatics effectively elimnates most wemen f rem careers in the sciences 
(Iker, 19813; NSF, 1980; iBoywer, in Trowbridge, et al., 1981). Fortunately ,r 
recent intervention progr^s have been successful; for the percentage of wcmen 
who e:^ect to take four years of high school math- has risen from 37% t6 57% in 
:the last decade. The two point rise in Sfl^M scores may be attributed to 
gains made ^ wanen. However , lack of training in mathematics may explain the 
findings that although fonales cdnprise over bne^ third of all students in 
higher education in England, they account for less than one of of every seven 
undergraduates in ptQ^sics and for fewer than one in six in chanistry (Headr 
1979) . In this countfyr differences in huitfcer of mathanaties courses may 
explain why twice as many college-bound senior boys as girls have had three 
years of phg^sical science, l^icaliy, a girl who wishes to pursue advanced 
science courses fifris her fear that * girls don't becane scientists' reinforced 
clearly the ratio , of boys and girls in the classroon (Skoihick, et aii, 
1982, p. 40). 
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Differoices in parent and in teacher expectations also affect the 
perf orrr^nce and enroliment patterns of women in science. parental 
expectation, evaluation, and encburagonent my disccHarage girls frcro excelling 
in scientific areas (Grahart, 1978; Kaminski, 1976; Fox, 1976). Bowyer states 
that boys in school are "valued for thinking logically, ind^>erK3ently^ with 
self-confidence, and an appropriate degree of risk taking.'' Girls, however^ 
are Valued for their onotionai expressiv^ess, sensitivity to others/ 
dependency, and subjective thinking" (Bovver, in Trowbridge^ et al.^ 1981, p. 
97) . In elanentary school and high school, girls and boys interested in 
science are treated differ^tiy 1^ par^ts and teachers. "Girls found 
ambivalence, lack of oicouragon^t, and messagi^ that what 'they were doing was 
inaj5>ropriate , impractical, or unacceptable. Beys ^countered much wider 
acceptance of their int^tibhs as ^propriate and admirable^ particularly in 
tenns of future economic status and a successful career" (Brown, Aldrich, S 
Hall, 1979, p. 1) . fts Skolhick, et al. (1982) explain^ '"While 'f or boys mat±i 
and science successes can heighten masculine self^esteati/ girls must walk a 
tight rope betweoi pride in their aehievaiieht on the one hand and a threat to 
their feninlne self- linage and social st^^^rt on the other." {p. 42) 

Most critically, however, both recent national surveys indicate inequities 

within science classrooms. Although achieven^t differeices in science 

betweei beys and girls are not appar^t mtil age 13, differa^tial science 

ej^riences are docuitented as early as age 9. Briefly, fcy age 9^ girls record 

significantly lewer opportunities to work with science materials and 

• «> _ _ _ " 

instruments, to observe natural phenoreha, ard to participate in 

extracurricular science activities. 

in order to determine the reason for these disparities in science 

bp5pdrtunities, a series of parallel questions was analyzed. For example, 

responses to itens such as 'Have you used a balance?' and 'Would yen like to 
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use a balance?' were ccrapared; Although inany eienenta^ schboi girls r^x)rt.. 
wanting to observe natural phencynena such as watching a seed sprout or seeing 
the moon through a telescope the percentage of those who have dor^ so is much 
lower. They also relate significantly fewer cpportuhities to use scientific 
instruments such as a meter stick, scale, telescope, microscope, cdnpass, 
stcpwatch, and balance, although they wish to use thCT. In addition, girf:s 
have fewer qpportunities to participate in corarion laboratory exf^rienees, 
although they ej^ress interest in doing such activities is equal to the 
interest ej^ressed boys, fts a result, at age 17, or when Qiey graduate 
from secondary school, girls have had significantly fewer ^^Eortunities to 
experiment with magnets, electricity, beat, solar oier^, and erosion (NftES*, 
1978b) . Furthermore, there is a clear differ^ce in girls* participation in 
traditionally feminine versus masculine tasks. Mthough secondary sefcol 
girls respond far below the national average concerning e^qf^rienees with 
electrical or mechanical tasks, they respond above it in number of times they 
have cared for an unhealthy plant or animal. 

A similar analysis of extracurricular science activities also reveals 
marked differences betwe^3l males and fonales at ag^ 13 and 17. Secondary 
school girls participate less often than boys in ail extracurricular science 
activities assessed. Females raige frOTi 1.3% to 7.6% beiw the mtiohai n^an 
on activities such as watching science shows; reading bodes r magazines, and 
newspaper articles on science; and working with science proj^ts or hobbies 
(I^^, 1978b) . In addition, although girls indicate ^ interest in taking a 
variety of science related field trips, f^er girls have oE^rtunities to do 
so. This lack of extracurricular science experiences augments the overall 
deficiency in science for girls. 
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Personal f^gtocs 

A wide range of studies indicate tiiat women are slightly itore field 
dependent than meh^ and oSiers suggest that more wcmeh score on the external 
end of the locus of control ^ale, Hwever, research has indicated that these 
differences are not extraSe enough to affect the entrance and success of wonen 
in science (Witkin, et al., 1977; Kahle, 19^). Another personal variable has 
been suggested. Acnordxng to Macco^ & Jackiih (1974) r the average score of a 
group of inales is slightly higher than that of a group of fenaies on t^ts 
ineasuring spatial visualization. Spatial visualization may be defined as the 
ability to manipulate an object or pattern in the* iTreginatiohi Soob 
researchers maintain that nale spatial abilities are responsible for the 
higher achievestient and inter^t levels toys express in math aid science 
(Skolnick, et al.^ 1982) • Treagust's reseach concerning infralbgical 
groupings suggests that lower science achievanent levels of 13 and 17-year^bld 
girls are related to their slower deveic^ment of spatial visualization. He 
maintains that lower ^atial abilities of teen-age girls are due to slower 
develcprnental patterns rather than to the school curriculum which in the lower 
grades is largely the same for ail stud^ts (Treagust, 1980) . 

However f two recent reports dispute his findings. First/ Linn's (1982) 
meta-analysis of spatial ability research g^der reveals no significant 
differences betweei males and females beforir duringr or after p^oberty. In 
addition, the National Assesanent data reported here indicate that girls and 
bc^s do not have equal experiences with science materials within science 
classroons; such c^iportunities are critical in the develcp^nent of spatial 
abilities. Fenneman :& Sherman (1977) state ffiat "covarying out the ' 
differences betweoi the ^xes in number of space related eairses taken 
eliminates the sex-related differ^ces in spatial visualization. This is 
consistent with the h^thesis that practice and relevant e^^rience are 
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factors in the difference betWeei the sexes in spatial visualization" (p. 66) . 
Skoinick, fcahgborg & Day (1983) maintain that experience with nanipulative 
mteriais such as edhstrueting and examining three-diitiensional structures, 
graphing, and modeling are critical to the develcpnent of spatial 
visualization skills^ 

Implications 

Although societal, educational, and personal factors have been identified 
which affect the science education of worien, remedies are possilaLe within the 
science classroom. The National Assessment data concerning girls'* e^^riences 
wiSi, activities in> and understanding of science iraicate that different 
teaching strategies must be adapted from kindergarten through graduate sctool. 
For exOTiple, laboratory and danonstratioh activities which provide spatial 
experiences may enhance the spatial abilities of feriales. As Treagust (19^) 
points bat, "A student with :pborly developed spatial abilities should not be 
taught primarily ty verbal: means" (p, 95), Skolnick, et al* (19E2) suggest a 
varied of science activities which range frOTi recognizing similar shapes from 
different perspectives to converting twcRainensional patterns to three- 
dimensional objects and vice versa. In addition^ girls must be encouraged to 
enroll in mechanical drawing, industrial education, and other courses which 
have activities designed to develop spatial abilities. 

In science courses, laboratory groups must be carefully structured so that 
girls actually wori: witt science apparatus. Tochers should encourage single 
sex pairs tStii girls hae gained the conf idaice and maturity to ccxtiplete with 
boys, and they must recruit fenales to do science dononst rations. 

Science teachers as well as school counselors and administrators must 
guard against imcohscious bias in their pr^entatidn of science courses and 
careers or in their scheduling o£ science classes. For example, physics 
should not conflict with honors English, advanced French/ or other courses 
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traditiohally selected bv^ girlSi The written and verbal use of ribrFsexist 
language in the classrocm as well as in the text arid other iristructidnai 
nateriais is critical* Furthermore, the contributions of wcnien must be 
portrayed seriously in narrative as well as illustrative naterials. The 
inclusion of woneh photographed in lab coats is inadequate; their real 
contributions must be discussed. Research iri3icates that the sex-role 
stereotyping of science as a masculine endeavor is one of the most powerful 
deterr^ts to adolescent girls enrolling and excelling in science courses. If 
the repeated message from teacher and text is that scientists are males, 
adolescent girls, unsure of their feroininity, will shy away from science brr 
if enrolled, perform poorly i Tfte extent and strength of this masculine 
stereotype has be^ revealed by ehaiibers (1983) who received only 28 drawings 
of' wom^ f ran over 4800 studeits who particpated in the DravPa-Scientist Test 
over an 11 year periods Mi of the fanale imag^ were done by girls. 

Recently, a nation-wide project analyzed factors affecting the retention 
of girls in science courses and careers (Kahle, 1983a5 • Collecting both 
observational and survey data, a team of researchers identified specific 

classroon climates, teacher b^aviors, and instructional practices which were 

^^^^ 

instrCTientai in ^couraging girls in school to became wot^ M science. These 
studies, conducted from rural Maine to urban California, from inrer-city 
Illinois to ^iburban Missouri, fran college pr^ratory Loiisiaha to agrarian 
Indiana, found the following COTunohaiities among teachers who retained girls 
in science. 

1. Whether the teacher teught b^ind locfced doors ih_ ah oit-bf-date^ 
traditional latoratory vath bolted chairs and tables ^ or in_a 
itiodalar, open-^oiicept arrangement with fiexifcle. seating and _ 
stations, their classrooms were attractive, v?ell-ec3uiF5:ed and 
maintained. All noted that they did not need^ equijxneht and _ 
supplies or money ^or further purchases. In additibh^ all had 
adequate storage space; 
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2. All used riorr sexist teacher--deveio|)ed instructional itaterials to 
suppleneht ttie basic text, fis one researcher noted, 

There is no overt .discussion of sexism that might be 
inherent in any of the instructional ire terials used, as 
hone of the materials seem to present that problen. Five 
tests were provided for analysis. There appeared to be no 
problem with sexist language;, scientific contributions were 
treated as neutral relative to gender* 

ihtejrestingly^ ho observer reported a single use of sexist huiror 
the case stuc^ teachers. 

3. AH the observed teachers were a^ sexism in science. 
Although they maintained that th^ did not treat boys and girls 
differently f .they brought wdmen s::ientists into their classes and 
they included a range of hbrPsexist career information. As one 

• observer suggested ^ 

Perhaps the equitabLe treatrnent of irale and female 
students is itself special ^ given what has beei 
learned about the :gQierally xr^quitable treatment of 
foT^ale stud&ts in t±ie .science, classrocm. Perhaps 
the sinple lack of . preferential treatment jEdr mles 
-has resulted in a situation where the ferale students 
feel coTtCortabie and are cbnfideit in their ability to 
contribute at an ecjual level With their mle collegues. 
eertaina^f there is hot ehbugh data to support that 
hypothesis f attr actives as it might be. 

4. The teachers/ perhaps uri)<npwingly^_ presented what Harding (1983) 
and Small (1983) call "girl frierKily science." One observer wrote 
about this p)henarehbh in the following way. 

Although she argues that one does not neec3_ special activities 
to interest girls in science/ it is possible that for the 
less-motivated girl certain lats ahd/br research f^rdjects are 
more appealing. For norFsciehce-briented girls, ej^riments 
such as audio- tutorial mits oh bacteriology have considerable 
apg^al^ Nutrition and diets appeal to many girls. A unit on 
' eonplCTi^tary Proteins: A simulation* has appealed to itany 
girls. Similarly^ •Dissection of .ah Orange^ V is very |x^^^ 
with many studaits. The teacher feels that the girls' inter- 
" ests are as varied as those. bf_the bc^s._ Last year a girl 
designed and built a varkitiill for a local garage and another 
girl spent hours, assisting a vocational t*eacher who is 
building an airplaoie. 

All of tliese, teachers used more laboratories^ discusisons and 
'tests than is eonmonly found. 

5i The case study teachers all bad solids acadenic pr^arations for 
teacliing; it should be noted that mbst.had degrees in their 
subject areas and that ail had continued their formal educations. 
All were more OTthusiastic about teaching now than when they began 
to teach i 

6; These teachers were respected^ generally recognizor arid supx>rted 
within their COTimunitiesi In addition, all but _bhe mentioned that 
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Riese teachers participate in and encourage their students tb_. _ 
enjoy scj.ence beyond the sehbblhbuse door. As a result r one finds 
equal ni^fiers of girls aid boys preparing science projects arid 
joining sciencer'nathr and computer clubs. 



Ttie case study teachers^ individually and collectively/ were 

unique in their empSiasis on careers and further' educaticri. 

Although ail students_ beief ited frcm that inter^t^ girls seoned 
to notice it and respond to it more than boys did. 

9. According^ to ffieir stude^ techniques of the. 
case study teachers encouraged creativity/ further education/ and 
basic skiJl developnnenti Again/ girls noted these characteristics 
more often than boys didi 

10. Both curr^t and former studeits noted the as 
well as encouragement as unigue_personal characteristics and 
teaching behaviors of the case study teacjiersi 

These ten i^jecial teaching bdiayiors and ihstructionai strategies resulteS 

in proportionately more girls in their classes continuing in maQi and science 

courses in both high school and colleger Analyzing and ear-ring similar data 

demonstrate their effectiv^ess. G^eraily/ the following b^iaviofes 

characterize teachers who are successful in encouraging girls to pursue 



science. 



Do 



use laboratory & discussion 
activities 

provide career information 

directly involve girls in 
science activities 

provide informal academic 
counseling 

demonstrate unisex treatment 
in science classrooms 



Don't 

use sexist hombr 

use sex-sterebtypeid 
examples 

distribute seicist class^ 
room materials 

all w boys to doninate 
discussion or 
activities 

allow girls to passively 
r^ist 

(Kahle/ 1983b/ pp. 30^32) 
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Across the ebuhtryr girls^ at least those in the case stu&f classroons, 

are beginning to question the bid, masculine views of science and scientists. 

As two of then saidf 

I don't know if^it is wemen thinkirg scientists should be iriertr or inen 
thinking scientists should be men. 

There are s^ne wOTOT scientists; but men have been ih_it longer. 
Wotien can do the same job as men. Wiey may have. a different way of 
thinking and might improve science. {Kahlef 1983bf p. 25) 

V 

Changing attitudes about science and increasing experiences in science 
direct and directed intervention will help more girls in scbDbl to becciw^ 
wcxnen in science i 
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